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government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
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thereto.
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ABSTRACT

Serological study on the serum end rectal mucus aspirated almost pure-
ly from the rectal cavity of patients with Shigellosis and with Salmonel-
losis using a romenoscope was conducted.

The agglutinin titers of the serum and mucus in patients with bacillary

dysentery reuched pesk mostly in the second or third week of 1llness, but
in a few cases within the first week.

Judging from the asgglutinin and hom-sgglutinin values, the mucus anti-
body turned out to be suggestive of 1its closer assoclation with the ex=
cration of Shigella bacllli than the serum antibody.

Antibody titers against Shigella flexneri streins were higher than
those agalnst Shigella sonnei strains.

As far as the antigenicity of Shigella as observed in the agglutina-
tion test as well as the hemeagglutination test 1s concerned, there seems
to be no significant difference hetween the strains sensitive to anti-
blotics and those resistant to them.

Comparative studles of the agglutination test, the heme-agglutination
test and the Latex agglutination test showed that the hem-agglutinin
titer and the Latex agglutinin titer were higher than the agglutinin
titer, and the hem-agglutinin titer was almost similar to the Latex
agglutinin titer, with exceptions in a few cases.,

Nidal test using the Lstex antigen consisting of o mixture of Latex
suspension and Widal antigen showed the agglutinin titer to be higher
than those in the routine Widal test.

The Latex agglutinatlon test offers the advantage of ylelding exact,
readable results within two hours over both the ngglutination test and
the hem-agglutination test in which reading can be made only after twenty-
four hours.
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1. A statement of the problem. Although a great number of reports have
been published on the bacteriological, immunological and viral studies of
the feces in enteric infections, there have been very few dealing with
the rectal mucus aspirated almost purely from the rectsl cuvity of patients
and carriers of enterlic infectionms.

It has previously been reported by us that the suction methed for the
culture of Shigella, and its quantitative variation, using the rectal
mucus from dysentery patients and carriers, appears to be a more reliable
bacteriological diagnostic technique then the routine or fecal culture
methods. As to the relationship between the Shigella exeretion and the
serological response of the mucus and the serum in Shipellosls, it was
proved by our ressarch that the fluctuation of the mucus antibody titer
has closer association with the excretion of Shigells organisms than
that of the serum antibody titsr.

It is our intention, therefore, to continue bactericlogical, serologi-
cal and virological investigation of the rectal mucus from patients with
enteric infections (Shigellosis, Salmonellosis, infections due to patho-
genic coli and enteric infections of viral orlgin) in relation to that
of the feces, serum and bile.

2. Outline of experimental procedurs.

a. Materials and methods. The patients for the present study were
gelected from those with Shigellosis and Uslmonellosls admitted to
the Tokyo Metropolitan Ebara Infectious Nisease liospiltul.

(1) Collection of rectal mucus. The bowel was svacuated by an
enema (100 ml of a 10% magnosium chloride solution) and the
patient was placed on the opsrating table, with his knees heut.
After 30 minutes a romanoscope was lnserted and about 1 to 5
ml of the mucus on the surface of n rectul leslon or in several
ports of the rectsl cavity (chiefly from the umpulla recti)
was aspirated into a small pipette (5mm x 35¢m) with a rubber
bulb and transferred to & glass container., The mucus obtailned
in thls manner usually contuined no fecal matter,

After an equal volume of physiological aslino wns added to
the mucus, and the mixture wne agitated and homogenized with a
Komagome pipette, the mucus suspension was then centrifuged

at 7500 rpm for 30 minutes. The supernatant fluld was used
for the serological procedure.

(2) Agplutination test. Shigella bacilli cultivated on an ordinary
agar slant at 379C for 1¢ hours were suspended in physiologlcal
saline in a concentration of 1 mg/ml. 0.5 ml of this Shigella
suspension was added to 0.5 ml of a twofold diluted serum or
mucus. Alter incubatlon at 379C for 2 hours, the tubes were
allowed to stand at room temperature for 24 hours ond then
reading of the agglutinin titer was carried out with naked
eyes.,

-1 -



(3) Hem-agglutination test. Hem-agelutinin titration of the serum
and mucus was carried out using human O-type trypsinized eryth-
rocytes. A bacterial suspension in physiological saline in a
concentration of 5 mg/ml was boiled for G0 minutes and the
supernatant fluid, after being centrifuged at 4000 rpm for 30
minutes, was used as an antigen for the hem-agglutination test.
To 0,5 ml of a twofold diluted serum or mucus, 0.5 ml of a 0.5%
suspension of erythrocytes sensitized with the above bacterial
antigen was added.

After incubation at 37°C for 2 hours, the tubes wera allowed
:: to stand at room temperature and then the hemeagglutinin titer
was determined with neked syes.

(4) Latex ngglutination test. Fresh culture of Shipella and Salmo-
nella cultivated on an ordinary ager slant at 379C for 18 hours
were suspended in physiological saline in a concentration of 20
mg/ml, To prepare the Latex antigen 0.1 ml of Latex suspsnded
in Glycine Saline Buffer Difco in the concentration of 1 ¢ 10
wos added to 0.5 ml of the above thick bacterial suspension and
to this mixture 10 ml of G.S.B. was added.

To a 0.5 ml of a twofold diluted serum or mucus, 0.5 ml of
the above Latex antigen was added. After incubation in a
waterbath at 56°C for 90 minutes, the tubes were centrifuged at
2500 rpm for 5 minutes. Reading of the lLatex agglutinin titer
was performed with naked eyes immediately after incubation.

b, Shigella agplutination test on the serum and mucus in Shigellosis.
(1) tgplutinin titers agninst live Shigella antigen.

(a) Rise and fall of the agglutinin titer during the whole
course of Shigellosis., Agplutinin titers of the serum and
D mucus in bacillary dysentery patiants reached a peak mostly
. in the second or third week of illness, but in a few cases
within the first week.

Howover,comparative study of the serum agglutinin and the
mucus apgglutinin of both meterials taken at the same time

showed that the serum agpglutinin titer was higher than the
mucus agglutinin titer in the first to third week of illness,
and the mucus titer wae higher than the serum titer in the
gecond to fourth week of i1llness. This fact suggests that
the mucus titer might be more closely related with the
Shigella excretion than the serum titer. This supposition
will be dealt with agoin later under the heading of the
hem-agglutination. (Table 1.)

(b) The Agglutinin titer of the serum and mucus ageinst Shigel~
la flexneri strain and Shigella sonnei strain. In many
' cages tests for both titers showed considerably high titers
against the standard strains as with the freshly isolated
-2 .-
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strains, Furthermore, in cross-agglutination test with each
strain of Shigella flexneri, vast differences were not
observed in the agglutinin titrations., But, it was observed
that the agglutinin titers in Shigella sonnei infected cases
were generally lower than those of other Shigella flexneri
infected cases. (Figure I)

(¢) Influence of heating on Shigella agglutinin activity.
Attempts were made to see if the agglutinin activity of the
serum and mucus is affected when heated at 56°C for 30
minutes or at 60°C for 3 minutes. The agglutinin titers
remained intact even after heating. (Table 2)

Agglutinin titers against boiled antigen

(a) Effect of boiling on Shigella antigenieity. Agglutinin
titers against boiled Shigella antigen were slightly lower
than against live antigen. When the bolling time changed
from 30 minutes to 120 minutes, the agglutinin titer did
not change. (Table 2)

(b) Agglutinin titer against boiled untigen. Although the
agglutinin titer apgainst live antigen showed rise and fall
in the course of illness, in agglutinin titer against
boiled antigen distinct differences were not demonstrated
throughout the process of Shigellosis.

(¢) Differences in titration between Shigella strains. It was
clarified that the agglutinin titer sguinst boiled antigens
of Shigella flexneri 2z, 2b and Shigella sonnei infected
cases were lower than those of Shigella flexneri 3a and v-x
infected cases.,

¢. Hemengglutination test in Shigellosis

(1)

(2)

Comparison of the agglutinin titer and hem-agglutinin titer,
In Shigella flexneri infecte¢ cuses comparison of the aggluti-
nin titer and the hem-zgglutinin titer was conducted. In the
serum a8 well as in the mucus the hem-agglutinin titer was
usuelly higher than the agglutinin titer. (Table 3)

Relation between the Shigella excretion and the hem-agglutinin
titer. In cases in which Shigella excretion stopped within the
first or second week of illness the hiphest hem-agglutinirn
titer was attained in the second or fourth week of illness.
However, in cases in which Shigella excretlon persisted over
three weeks, the peak of the hem-agglutinin titers were reached
mostly in the third or fifth week of 1llness. (Table 4)

From theso data it was assumed that the hem-agglutinin titer
might be closely assceiated with the exeretion of dysentery
baeilli, Because the implication of this fact seems very
important, it will be necessary to confirm the relationship
between the Shigella excretion snd the hem-agglutinin titer
in many cagee of Shigellosis.

-3 -
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(4)

Hem=agglutinin titer in Shigellas =onnei infected cases. As
with the agglutinin titers, the hem-agglutinin titers of the
serum and mucus in Shigella sonnel infected cases, too, were
generally lower than in other Shipells flexneri infected cases.

Antigenicity of antibiotic sensitive strain and resistant strain.
Ag far as the antigenicity of Shigellae as observed in the
agglutination test ac well as the hem-agglutinstion test is con-
cerned, there seems to be no significant difference between the
strains sensitive to antibioties and those resistant to them.

d. Latex agglutination test in Shipellosis and Salmonellosis

1)

(2)

kS

(3)

Modification of the Latex asgglutination technique. The latex
agglutination technique used was essentially the same as that
described by Wiedermann G. (4).

However, it turned out that in an experimental study using
a robbit immune serum of Shigella flexneri 2a as shown in
Table (5) the following concentration of Latex and bacterial
suspension brought better results than that used in Wiedermann's
technique.

To obtaln optimal concontration of Latex Difeco (polystyrene
latex purticles, dismeter 0.81 micron) for Shigella or Salmo-
nelln suspension, 0.1 ml of Latex suspendad at the concentra=-
tion of 1:10 in Glycine Smline Buffer Difco (G.S.B.) was odded
to 0.5 ml of the bacterial suspension (20 mg/ml) and to this
mixture 10 ml of G.S.B. was added.

50°C or 569C proved better than 37°C for incubation.

(Table 8)

Comparlison of three serological procedures. Comparative studies
of the agglutination test, the hem-agglutination test and the
Latex agglutination test on the sera ond mucue of Shigella
flexneri 1b, 2n, Shigella sonnei and Salmonella enteritidis
infected cases were conducted. (Tables 6, 7, 8, 10)

In all procedures the Latex test guve higher agglutinin
titers than the asgglutinution test ond the Latex titers were
mostly similar to the hem-apgglutinin titers except in a few
cages,

Comparison of the Widal test and the Latex test. In geven
cases of typhold fever and paratyphoid fever patients compary -
tive study of the agglutination test and the Latex test were
carried out,

By this experiment it was clarified that the Latex titers
ware higher than the apgglutinin titers.




CONCLUSIONS

1. From the tata obtained it was suppested that the mucus antiboedy, in
the light of the agglutinin end the hem-agglutinin, might be closely asso-
ciated with Shigella excretion than the serum antibody.

2. The antibody titer against Shigella flexneri streins is higher than
that against Shigella sonnei strains,

3. The antibody titers agninst boiled Shipella antigen are slightly
lower than those ageinst live Shigella antigen.

4. Comparctive studies of the agglutination test, the hem-agplutination
test and the Latex agglutination test showed that the hem-upglutination
titer and the Latex apgglutinin titer are higher than the apelutinin titer
and the hem-agklutinin titer is almost similar to the Latex sprplutinin
titer except in a few cases.

5, Wical test using the Latex antigen consisting of a mixture of Latex
suspension and Widal antigen showed higher agglutinin titer than that in
routine Widal test.

6. The Latex agglutination test offers the sdvantage of yielding exact,
readable results within two hours in contrast with the agglutination test
and the hem-apgglutination test in which reading can be made only after
twenty-four hours.
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Appendix "A"

Figure 1. Serum agglutinin titer

sgainst live Shigella antipen
Agglutinin ‘ '

titer
640
320

. v Qe
160- / \\Q..-..o

80.

Shigells flexneri

401 I

R Shigella sonnei
) QLA

i P .[.,-,.rs_.,__ré__n_..._
Wieek of illness

Table 1 Comparison of agglutinin titer between
serum and mucus against live Shigella
entigen
Comparison of agglutinin titer Meek
betwsen serum and mucus against
1ive Shigelle antigen 1st #nd 3rd Ath 5th
serum e mueus 3 3 1 1 1
gerum > mucus . 5 7 11 1 1
serum< mucus 0 & 6 7 2
Teble 2 Influence of heating on Shipellu npglu~
tinin activity and Shigella antigenieity
Material _ Shigella antiren |
Shigella |——n@ated anticen
flexnari 3a Inactivation 11:2 100°C 10000 100°¢C
| infegted case Snceeizom, | 6o M. | 120M, |
Not_inaciivated 320 80 80 80 1
serum O . 640 160 160 320 ?
69°C__ 3 M, _640 320 320 640
Not_inngtivated 1280 64O 640
nucus 560C_ 30 M, 1280 640 640 640
609G 3 M, 1280 640 640 640




Appendix "BY
Table 3 Comparison of agpglutinin titer and hem-apglutinin titer
Dilution Agglutinin | Hem=agglutlnin | Applutinin | Hemeapglutinin
titer titer titer titer
1280X 1l
64,0 1 3
320 1 3
160 5 2 i
80 6 15 4 2
40 10 1 6 3
<. 40 7 11 10
Serum Mucus

*Duta from 23 cuses with Shigella flexneri 2¢ infection

Table 4 Telation between Shigella excretion and the hem~asplutinin
titer

Duration feek of 1llness hem-agplutinin titer
until Shigella | Materlal reached pesk

excretion Second Third Fourth Fifth
stopped wegk week week weak
Within Sarum 3 & 4 0
1 woeok Muecus 5 8 A 0
fWithin Serum 1 2 2 0
2 yecks Wucus 1 2 2 0
Within Serum 0 1 1 1
3 wesks Mucus 0 2 0 0
Over Serum 0 0 4, 1
3 weeks Mucus 0 0 A 1
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Table 5 Experiment qf the estimation on Latex volume for the
latex agglutination test

Shigella Latex
suspension | suspen- . Agglutinin
Serum (20 mg/ml) | sion in G.5.B. titer
in geline | G,S.B.
Shigella 0.5 ml 10.0 ml 5120 x
flexneri .
20 1675 0.5 ml 0.1 ml 10.0 ml 5120 x
immune 0.1 nml
rabbit 0.5 nl (10x) 10.0 ml 10240 x
serum . 0.1 ml 0
0.5 ml ] (10ox) 10.0 ml 5120 x
G.S.B. ecmccca Glycine saline buffer Difco
Table 6 Comparison of three sero-reactions in Shigella
flexneri 1b infected cases
Shipella flex. 1b Ikeuchi strain
Nos “fﬁk of | Material -
ness Bacterinl Hem- Latex
apglutinin apedutinin aprlutinin
) 2w | sgerunm 40 &0
[ mucus 40 80
) 3w gerum 40 0
mucus <740 40
3 3w gerTum €0 320
mucus AS) 160
4 FAR' gerun <40 20
mucus <l40 <40
5 5w serum 40 80
mucus <40 40
6 5w serum < 40 160
mucus < 40 <40
7 8w serum 40 80
mucus 40 160




&

Appendix "D"

-
Table 7. Comparative studies of the agglutination, hem=
agglutination and the Lutex agglutination in
Shigella flexneri 2a infected cases
No. NMate iai Agelutinin Hem=agelutinin | Latex-applutinin
arer titer Eiter titer
1 serum €0 320 320
mucus 40 160 &0
2 sarum A0 £0 160
micus g0 80 160
% 3 serum g0 160 320
5 micus 40 #0 i &0
4 sarum 40 160 | 20
mucus <40 <40 40
5 serum 80 160 320
mucus 160 160 320
6 gerum 40 160 80
micus <40 <40 &0
]
Table 8. Tlterntion of threo serc-reuctions in bh, sonnel
infection, Lutex ugilutinin titer in differant
incubation temperuture
L4
- - C |Hem- )
lin. | Material! uhi"ﬁllhg Lgetorlal o duti- Latex nrrluticin
© sonnel us;lutininAznin 3700 5000 5700
1 | serun DL <40 1 80 1«40 1 40 1440
D2 < 40 40 40 1 40 ¢ 160
mucus ' Dl 4D K0 (=IA0 T AD D TAD
n2 40 XA € 1 160 ! 160
i
I E ! |
2 serum Dl ; g 20 40 | 20 4 @) 1
DR A0 80 1160 | 320 | 320 !
mucus nl 40 <MD D40 TAD D40
D2 A0 <740 A0 T4 4D
! | !
3 | serum nl <40 1 160 D400 T4 TN
PR <40 | 40 | 40 L 160 100
] mucus D2 <40 <TA0 |40 1 A .40
' { ! H

0 e
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e v ‘ Teble 9. Comparison of the Widal test and the Latex
e | agglutination test in Salmonellosis
- Salmonells | Week Widel test | Latex 8gglutination "
P No. of
; isolated i11-
; ness Vi | TO! A0 BO Vi 0 AOD BO
1l |S. typhi 2w |<40 |160 (<40 [<K0 |<40 [320 <40 <40
2 |S. typhi 3w |[<40 | 80 |40 40 |<40 | 160 40 40
3 |S. typhi 3w |40 | 80 k40 40 140 | 160 40 40
i 4 |8, typhi Lw 40 | 80 40 40 L0 160 |<40 40
5 | S. typhi Lw <40 40 (K40 <40 |<T40 80 40 40
6 |S. para-
typhi A | 6 w 40 ‘ 80 K40 40 £0 | 320 L0 <40
7 18, para-
typhi B |4 w [<40 | 40 |40 80 1<C40 | 160 40 1 320
Table 10, Serologiecel finding in a Salmonella enteritidis
infected case
Weok fIA lutint H lutini Latex
. sck o relutinin em=~azelutinin
! Nos | Moterial 11iress iter i :f{,gi:tinin
1 | serum 2w 80 l 640 640
2 | serum 3w 160 640 640
3 | serum 5w 160 320 320
. 4 | serum 6w 160 640 320
5 | mucus 5 w <40 < 40 40
6 | mucus 6w < 40 < 40 < 40
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